Context. Recently, a relationship between the water maser detection rate and far infrared (FIR) flux densities has been established as a result of two 22 GHz maser surveys in a complete sample of galaxies (Dec > −30
Introduction
A crucial problem in the study of active galaxies is that of understanding the detailed geometry, physics and evolution of the central engines and their environments. Another longstanding and unexplored problem is the measurement of proper motions and geometrical distances of galaxies. In both fields, observations of water masers at 22 GHz (λ ∼ 1.3 cm) are indispensable. The rest frequency corresponds to the strongest water maser transition, the 6 16 → 5 23 line of ortho-H 2 O, which originates in dense (n(H 2 ) 10 7 cm −3 ) and warm (T kin 400 K) molecular gas (e.g., Henkel et al., 2005a ).
In literature, extragalactic H 2 O masers are commonly classified according to their isotropic luminosity: the Send offprint requests to: G. Surcis ⋆ JO is a Jansky Fellow of the National Radio Astronomy Observatory.
"megamasers" with L H2O > 10 L ⊙ and the "kilomasers" with L H2O < 10 L ⊙ . Because of the beamed nature of the maser emission, this classification may not in every case carry a significant physical meaning. However, for the sake of consistency with previous studies we will also adopt the aforementioned classification throughout our paper. The "megamasers" are seen out to cosmological distances (Impellizzeri et al., 2008) , and, when studied in detail, are always found to be associated with Active Galactic Nuclei (AGN) (e.g. Lo 2005) . The "kilomasers" are instead mostly associated with star forming regions similar to those seen in the Galaxy. In the latter class of objects, however, a few sources (e.g. M 51: Hagiwara et al. 2001; NGC 4051: Hagiwara et al. 2003; NGC 4151: Braatz et al. 2004 ) also show hints of an association with the nucleus of their host galaxies, unveiling the possible presence of a buried AGN of low luminosity (LLAGN) (Hagiwara et al. 2001 ) and hinting at the possibility that some kilomasers also belong to the family of AGN masers, only representing the weak tail of their distribution as postulated by Ho et al. (1987) .
In the last two decades 22 GHz H 2 O maser surveys of various samples of galaxies were carried out (e.g., Henkel et al. 1986; Braatz et al. 1996 Braatz et al. , 1997 Greenhill et al. 2003; Hagiwara et al. 2003; Henkel et al. 2005b (HPT) ; Kondratko et al. 2006; Braatz & Gugliucci 2008; Castangia et al. 2008 (CTH) ). The survey of Braatz et al. (1997) was composed of 354 active galaxies, including a distance-limited sample of Seyferts and Low Ionization Nuclear Emission Regions (LINERs) with recessional velocities < 7000 kms −1 , and a magnitude-limited sample, also covering Seyferts and LINERs, with optical magnitudes m B ≤ 14.5. Their 10 newly detected sources made it possible to associate the H 2 O megamaser phenomenon with Seyfert 2 and LINER galaxies and not with Seyfert 1 or other types of galaxies. This indicates that obscuring gas around an active nucleus, coupled with long gain paths along a preferentially edge-on oriented circumnuclear disk plays an important role.
Detecting more extragalactic water masers is important to tackle a number of important astrophysical problems. In particular, as previously mentioned, these sources can be used to determine proper motions in the Local Group (Brunthaler et al. 2005 (Brunthaler et al. , 2007 , pinpoint sites of active star formation (e.g. Tarchi et al. 2002; Brunthaler et al. 2006 ), obtain geometrical distances, map accretion disks surrounding AGN (Miyoshi et al. 1995; Herrnstein et al. 1999; Reid et al. 2009 ), and, ultimately, improve our knowledge on the equation of state of the dark energy by obtaining a high precision measurement of the Hubble constant ).
Since we know that far-infrared (FIR) emission commonly arises from dust grains heated by newly formed stars, a sample of FIR bright galaxies is a suitable tool to detect extragalactic H 2 O masers, in particular those associated with star forming regions. A correlation between the presence of H 2 O masers and 100 µm flux density (S 100 µm > 50 Jy) was indeed reported by HPT as a result of an Effelsberg 100-m survey of all galaxies with declination Dec > −30
• , associated with IRAS point sources showing S 100 µm > 50 Jy (Fullmer & Lonsdale 1989 ) (hereafter referred to as "the northern sample"). They obtained a detection rate of 22 % (10/45) and found a correlation between FIR flux density and the luminosity of extragalactic maser emission. This correlation has recently been confirmed by CTH with a complementary sample of 41 galaxies with 30 Jy < S 100 µm < 50 Jy and Dec > −30
• , that yielded a detection rate of 5% in agreement with the expected value derived by the correlation. This is corroborated by the recent particularly sensitive study of Darling et al. (2008) , which expanded the sample of known H 2 O kilomasers associated with star formation and ascribed the paucity of detections for the weaker tail of the extragalactic water masers mostly to the lack of sufficient sensitivity of the past surveys.
The high number of detections obtained by HPT and CTH have motivated us to complete the whole sample by including all southern galaxies (with declination Dec < −30
• ) associated with IRAS point sources characterized by S 100 µm > 50 Jy (hereafter referred to as "the southern sample").
Observations and data reduction
The list of sources of our sample, composed of 20 galaxies, was compiled using the IRAS Point Source Catalog (Fullmer & Lonsdale 1989) and is shown in Table 1 . Eight of these sources were already part of previous surveys and in the table their names are given in italics. Names of the twelve remaining sources are boldfaced. a For coordinates, systemic velocities, 100 µm flux densities, and references see the Table containing the entire sample of FIR bright galaxies. b Bold-faced source names refer to sources observed in this study; source names in italic refer to previously measured targets. For NGC 4945, see Dos Santos & Lèpine (1979) , Batchelor et al. (1982) , Greenhill et al. (1997) . For the other sources in italics, see Kondrakto et al. (2006) . c Upper limits for maser luminosities are derived from
, where S is 3 times the rms, in column 4, and ∆v is the channel width, 0.5 km s −1 and 1.7 km s −1 in our Tidbinbilla and ATCA observations (NGC 5128/Cen A only), respectively. d Telescope: T = Tidbinbilla; A = ATCA. e Newly detected maser. f Observed with ATCA, because the 22 GHz continuum was too strong to obtain single-dish spectra with high baseline quality.
Tidbinbilla
The sources of our sub-sample were observed in the 6 16 − 5 23 transition of H 2 O (rest frequency: 22.23508 GHz) with the 70m NASA Deep Space Network antenna located at Tidbinbilla 1 , Australia. Our observations were made in 2005, from January to April, and in 2007, from August to September. Some sources, like NGC 3620, were observed in both periods. The full width at half maximum (FWHM) beamwidth was ≈ 50 ′′ and the pointing accuracy was better than 20
′′ . In both periods, observations were made with the same correlator configuration consisting of two independently tuned left circular polarized (LCP) bands, each 64 MHz wide, and providing spectra with 2048 channels per band. Observations were made in a position switching mode. The integration time (including overheads) was typically 2.5 hours per galaxy which resulted in approximately 1 hour on source.
Each IF covers a velocity range of ∼ 900 km s −1 with a channel spacing of 0.42 km s −1 . The two IFs are centered at slightly different central frequencies, with a frequency separation of ∼ 50 MHz, leading to an overlap between the IFs of about 300 km s −1 . In this way we could sample a total velocity range of ∼ 1200 km s −1 . All data were reduced using standard procedures of the Australia Telescope National Facility (ATNF) Spectral Analysis Package version 2.2 (ASAP v2.2) which is based on AIPS++ software libraries (http://www.atnf.csiro.au/computing/software/asap/). In order to reduce the noise in the final spectrum, the scans of an individual undetected source were averaged, which implies a monitoring timescale of 30 days or less. In order to calibrate data, i.e. to convert them from Kelvin to Jansky, we used the standard equation provided by the ATNF,
where C 0 is the opacity correction and G(el) is the gain curve at 22 GHz depending on the elevation. In our observations χ c has a value of 1.75 for each period and the flux calibration uncertainty is estimated to be of order 20%. More observational details are given in (Högbom 1974) .
NGC 3620 was also observed in spectral line mode at 22.100 GHz. We have used the FULL 8 512 128 correlator configuration with one IF (Frequency 1) centered on the maser line with a bandwidth of 8 MHz (∼ 108 km s −1 ) and 512 spectral channels (channel spacing ∼ 16 kHz ≈ 0.2 km s −1 ). Simultaneously, the second IF (Frequency 2) was set to observe in continuum mode with a 128 MHz bandwidth at a central frequency of 19.5 GHz. The calibrators PKS1934-638 (0.96 Jy) and PKS1057-797 (1.73 Jy) were observed for flux and phase calibration, respectively. The source PKS1921-293 (12.67 Jy) was used to calibrate the bandpass. Standard procedures implemented in MIRIAD were used to reduce the spectral data. We have subtracted the continuum by using the MIRIAD task UVLIN, which separates line and continuum in a spectral visibility data set, obtaining both a continuum-free cube and a continuum data set at 22.1 GHz.
Toward the strong continuum source NGC 5128 (Cen A) standing waves corrupted the single dish spectra during our survey at Tidbinbilla. In June 2006, NGC 5128 (Cen A) we therefore observed NGC 5128 with the ATCA 1.5 km array configuration in spectral line mode. The data were obtained at K-band (22 GHz) using the FULL 32 256 correlator configuration with a single 32 MHz wide IF (432 km s −1 ) split into 256 channels of width 125 kHz ≈ 1.7 km s −1 . The sources PKS1934-638 (0.81 Jy), PKS1313-333 (1.06 Jy), and PKS1253-055 (14.02 Jy) were used as amplitude, phase and bandpass calibrators, respectively. As described before, by using the task UVLIN, a K-band continuum map from the line-free channels was produced.
Finally, we have observed NGC 3256 in April 2008 with the ATCA 6 km array configuration in spectral line mode at 22 GHz using the FULL 32 128-128 correlator configuration with one IF (Frequency 1), covering 32-MHz (432 km s −1 ), all being split into 128 spectral channels of width 250 MHz ≈ 3.4 km s −1 . Simultaneously, IF2 (Frequency 2) was set to observe the continuum at 19.5 GHz with 128 MHz bandwidth. The amplitude and phase calibrators were PKS1934-638 (0.96 Jy) and PKS1004-50 (0.80 Jy), respectively. To calibrate the bandpass, we also observed PKS1921-293 (10.45 Jy). The weather was good during the entire observing session. Once again, through the MIRIAD task UVLIN, we produced a K-band continuum map from the line-free channels.
Results
Two new H 2 O masers were detected, in the merging system NGC 3256 and in the spiral galaxy NGC 3620. Line profiles and continuum maps are shown in Figs. 1-6, while line and continuum parameters are given in Tables 2 and 3 . Table 2 . Line parameters of newly detected masers. a Obtained by the line-free channels of our K-band data at 22 GHz.
NGC 3256
NGC 3256 is a well studied merging galaxy located at a distance of ∼ 37 Mpc (1 ′′ ∼ 180 pc; H 0 = 75 km s Lira et al., 2008) , it is one of the most luminous galaxies in the nearby Universe. The galaxy consists of a main body, two extended tidal tails with a total extension of ∼ 80 kpc, and two faint external loops (Lípari, 2000) . The double tidal tails are characteristic of an interaction between two spiral galaxies of comparable mass (e.g., de Vaucouleurs & de Vaucouleurs, 1961) .
Two distinct nuclei aligned along a north-south axis have been revealed by high spatial resolution near-IR (e.g. Kotilainen et al., 1996) , MIR (Böker et al., 1997) , and radio observations (e.g. Norris & Forbes, 1995, hereafter NF95; Neff et al., 2003) . Their projected separation is only ∼ 1 kpc (5 ′′ ). The two nuclei have, at radio wavelengths, approximately similar sizes, brightnesses, and spectral indices. These indices are quite steep (α ∼ −0.8), so that the radio continuum emission must be dominated by nonthermal synchrotron processes (NF95) typical of a starburst galaxy. There is abundant molecular gas (10 10 M ⊙ ) in the central region surrounding the double nucleus, presumably feeding the starburst (e.g. Sargent et al., 1989; Casoli et al., 1991) . The starburst was also detected in radio recombination lines of hydrogen and helium in the central 3 ′′ of the nuclear region together with prominent CO band absorption at 2.3µm (Doyon et al., 1994) . Lira et al. (2008) determined a star formation rate (SFR) of ∼ 15 and ∼ 6 M ⊙ yr −1 for the northern and southern nucleus, respectively. These SFRs are in good agreement with the values obtained by NF95 using a supernova rate of 0.3 yr −1 per nucleus. The data presented by Lira et al. (2008) further suggest that a significant fraction of the mid-IR excess is due to continuum emission produced by warm dust, heated in-situ by the starburst itself.
High-resolution spatial and spectral Chandra observations have been analysed by Lira et al. (2002) . About 80% of the X-ray emission is of diffuse origin. Each of the two nuclei is associated with one of the 14 identified discrete sources, which provide the remaining 20% of the X-ray emission.
Based on a comparison of radio and X-ray observations Neff et al. (2003) proposed the presence of a low-luminosity AGN in each nucleus, while Jenkins et al. (2004) found no strong evidence for an AGN in the X-ray data alone.
We detected water maser emission in August 2007. Fig.  1 shows the detected line at different epochs, while line parameters are given in Table 2 . An isotropic luminosity of ∼ 10 L ⊙ places the maser near the limit between water kilomasers and megamasers.
In A few days after the ATCA observations, we observed the maser source again with Tidbinbilla. The peak velocity was ∼ 2797 km s −1 , the peak flux density was 10 mJy and the linewidth was 40 km s −1 , providing a single-dish luminosity of ∼ 13 L ⊙ , slightly higher than that measured in 2007.
Nuclear continuum emission
In order to associate the H 2 O maser with the main centers of radio emission, an interferometric radio continuum map of NGC3256 has been produced at 19.5 GHz (see Sect.
2.2).
The map (Fig. 2) shows the two nuclei already observed by NF95 with ATCA at 5 and 8 GHz and by Neff et al. (2003) with the VLA at 5, 8, and 15 GHz. In our K-band image, the projected separation between the nuclei is 5 ′′ .2 ± 0 ′′ .1, consistent with that of NF95. The emission is slightly resolved and the continuum emission of both nuclei, which is more evident in the northern one, shows an elongation toward the south-west. Weaker emission "bridging" the two nuclei is visible. Our map is very similar to those of NF95.
The integrated flux density of the northern nucleus is 6.41 mJy and its position is • 54 ′ 19
′′
.2 (see Table 3 ). NF95, based on their 5 and 8 GHz data, reported spectral indices for the nuclei of α N = −0.78 and α S = −0.86. The spectral indices calculated by including our 19.5 GHz data (after a proper convolution to the 5 GHz beam) are steeper, viz. α N = −1.22 and α S = −1.05. They are, however, still indicative of optically thin synchrotron emission as suggested by NF95. • 54 ′ 14 ′′ , respectively. The channel spacing for the ATCA data is 3.7 km s −1 , where two emission peaks have been found at different positions (N=north, S=south). The velocity scale is with respect to the local standard of rest (LSR). The recessional LSR velocity of the galaxy (the dot-dashed line) is 2799 km s −1 according to the NASA/IPAC database (NED).
NGC 3620
NGC 3620 is a peculiar southern SB galaxy (Elfhag et al., 1996) . Located at a distance of ∼ 20 Mpc (1 ′′ ∼ 100 pc; H 0 = 75 km s −1 Mpc −1 ), it shows a significant velocity gradient across the nucleus in optical lines (H α , [NII] , and [SII]), which is likely caused by a rotating disk of gas (Schwartz, 1978) . There is good agreement between the two optical velocity components, 2
′′
.5 east and west of the nucleus (1649 ± 9 and 1930 ± 33 km s −1 , respectively; Schwartz, 1978) , and the values of the two major peaks in the CO profile (Elfhag et al., 1996) . The FIR luminosity is ∼ 4 × 10 10 L ⊙ (Sanders et al., 2003) and the LSR systemic velocity is 1691 km s −1 . Neither OH (Staveley-Smith et al., 1992) megamasers nor methanol masers (Phillips et al., 1998) have been detected in NGC 3620.
In February 2005, we detected an H 2 O maser in NGC 3620 that has been monitored until April 2008. The maser emission is composed of two main spectral features (see Fig. 3 ), denoted "a" (V LSR ∼ 1823 km s −1 ) and "b" (V LSR ∼ 1833 km s −1 ). Both features are redshifted with respect to the systemic LSR velocity of the galaxy (1691 km s −1 ). The total isotropic maser luminosity is ∼ 4.7 L ⊙ .
In the more sensitive ATCA observation made in April 2006, the two features, a and b, are confirmed and a third feature (hereafter c) seems to be present between the two main ones, possibly detected because of the higher sensitivity and velocity resolution of the spectrum (see Fig. 3 ). The LSR peak velocity of feature c is 1825 km s −1 . Details of the results obtained with these ATCA spectral observations are summarized in While maser emission is present in all spectra, the relative intensities of the individual features vary drastically. In the 2005 spectrum feature b is dominant with respect to feature a. This situation rapidly changes in the later spectra. In the most recent measurements the strength of feature b is once again higher. • 12 ′ 59 ′′ .The velocity scale is with respect to the local standard of rest (LSR). The recessional LSR velocity of the galaxy is 1691 km s −1 according to the NASA/IPAC database (NED).
Nuclear continuum emission
Interferometric radio continuum maps of NGC 3620 were, so far, not yet reported. Hence, in order to improve our understanding of the central region of the galaxy and, possibly, to associate the newly detected H 2 O maser with a putative nucleus, we obtained radio continuum maps at three frequencies. Figure 4 shows the ATCA images of the central region taken at 4.8, 8.6 and 19.5 GHz (details of these maps are given in Tables 3 and 4 The C-band emission (Fig. 4 , in grey contours) is resolved into a compact nuclear part and some diffuse emission stretching toward southwestern and southeastern directions. A similar morphology is also observed at 8.6 GHz. K-band emission (19.5 GHz, in grey scale), in contrast, is more compact. A K-band (22 GHz) continuum map from the ATCA data cube has been produced using only the line-free channels. The position of the peak emission (∼ 7 mJy beam −1 ) is coincident with the peak of the broad-band ATCA continuum map at 19.5 GHz (Fig.4) and, more important, coincident with that of the maser spot within an overall positional accuracy of ∼ 1
′′
. This was obtained from the quadratic sum of the uncertainties in our line and continuum positions. 
Discussion

The nature of the masers in NGC 3256 and NGC 3620
The southern sample (Dec < −30 • ) targets with FIR 100 µm flux density S 100 µm > 50 Jy is composed of 20 galaxies. Water maser emission has been detected in three galaxies: in NGC 4945 (Dos Santos & Lèpine, 1979) and in NGC 3256 and NGC 3620 (Sect. 3).
NGC 3256: The L H2O ∼ 11 L ⊙ maser emission detected at Tidbinbilla is resolved by ATCA into two spots of luminosity 1.0 L ⊙ (N) and 2.4 L ⊙ (S) (Figs. 1 and 2 ). Since the sum of the luminosities of the two maser hotspots is not sufficient to account for the single dish flux, the single-dish emission must be the result of a superposition of several undetected maser hotspots of which only the two strongest have been detected at high resolution. This is a situation similar to that encounterd in NGC 2146 by Tarchi et al. (2002) . Sakamoto et al. (2006) studied the gas kinematics around each nucleus at high-resolution. Comparing our maser velocities with those of their 12 CO (2-1) map, we find agreement with the galaxy kinematics (Fig. 5) . Both masers are located eastward of the double nucleus and are redshifted with respect to the systemic velocity (e.g., English et al., 2003) . When the velocities of the two maser lines are compared with those of the neighbouring CO gas, the discrepancies are of order 25 km s −1 , which can be justified in terms of local motions of the masing gas. Hence, the H 2 O kilomasers in NGC 3256 are not associated with either one of the two nuclei but with the main gas disk hosting an ongoing starburst (Sakamoto et al., 2006) .
Fig. 5. High-resolution
12 CO (2-1) map of the mean velocity in units of km s −1 toward the nuclear region of NGC 3256 (Sakamoto et al. 2006, their Fig. 4b) . Triangles indicate the positions of the water maser spots found by ATCA (Fig. 2) and the crosses indicate the positions of the two nuclei.
NGC 3620: The kilomaser emission in NGC 3620 is close to the nuclear region of the galaxy (indicated by an asterisk in Fig. 6 ). The swap of the two main line features between 2005 and 2006 and the subsequent swap-back in the following epochs let us speculatively think about an anticorrelation between the maser features associated with an accretion disk like the one in the galactic star forming region S255 (Cesaroni, 1990) . The association of the kilomaser with either a star forming region or the nucleus of the galaxy requires a search for a so far undetected Low Luminosity AGN (see Sect. 4.1.1).
What is the nuclear source in NGC 3620?
The spectral index was computed from the three ATCA maps produced at 4.8, 8.6 and 19.5 GHz by fitting the three points in the diagram (ν, S ν ), using the convention S ∝ ν α . The resolution of the maps is different and ranges from ∼ 2 arcsec to ∼ 0.5 arcsec. Therefore, a convolution to the same 2 arcsec beam (that at 4.8 GHz) was necessary. The computed spectral indices derived from peak and integrated flux densities (see Table 4 ) are −1.07 and −0.65, respectively. These values indicate that the radio emission is most likely dominated by optically thin synchrotron emission typical for a collection of sources related to star formation activity like radio supernovae (RSNs) and supernova remnants (SNRs). Hence, the nuclear region of NGC 3620 is linked to intense star formation, and, apparently, there is no evidence for an AGN (whose spectral index may be flatter) in the center of the galaxy. However, the spectrum might be artificially steepened by missing flux at the higher frequencies. Furthermore, when the nuclear radio continuum emission is divided into three sub-regions, (1) the central emission, (2) the southeastern emission, and (3) the southwestern emission, the spectral indices, computed by using the integrated flux densities, of the three regions differ slightly. In particular, region (1) has a flatter spectral index (α 1 = -0.64) than those of regions (2) and (3) (α 2 = -2.22 and α 3 = -1.54, respectively). While this is not unusual and can be justified in several other ways, the possibility exists that this is caused by a nuclear component with flatter or inverted spectral index. Moreover, since the angular resolution of our observation is low (2 ′′ correspond to 200 pc), the lower limit to brightness temperature in region (1) at X-band (T B ≥ 10 2 K) does not allow us to distinguish between a thermal or non-thermal nature of the central region. Continuum Long Baseline Array (LBA) observations of NGC 3620 at 1.6 GHz have been accepted and await scheduling. This aims at (1) identifying nuclear radio continuum sources with particularly high brightness temperature, (2) locating with higher accuracy the radio continuum emission with respect to the maser spot and hence, (3) establishing if the maser is associated with star formation like the majority of kilomasers or, if present, with AGN activity.
Statistical considerations
The detection rate in the southern sample is 3/20 or, applying the Bernoulli theorem, (15±8)%. As the rms in the northern and southern samples is comparable (see Table 5 ) because of different integration times, this detection rate is compatible with that obtained by HPT, i.e (22±6)%. Very recently, Braatz & Gugliucci (2008) have found a water kilomaser in NGC 4527, which remained undetected by HPT. Darling et al. (2008) have also reported the detection of a new water kilomaser in the Antennae system that is composed of two galaxies, NGC 4038 and NGC 4039. This demonstrates that the high sensitivity of the Green Bank Telescope (GBT) can further increase the number of detected kilomasers in our sample (see below). With these new detections the northern detection rate becomes (27±7)% (12/45).
Adding the southern sources, the complete all-sky sample with S 100 µm > 50 Jy is finally composed of 65 galaxies (Table 5 ). Among them, water maser emission has been detected in 15 galaxies. There are 10 kilomasers (IC 10, NGC 253, IC 342, NGC 2146, M 82, NGC 3556, NGC 3620, NGC 4038/9, NGC 5194, and NGC 4527) , 4 megamasers (NGC 1068, Arp 299, NGC 3079, and NGC 4945) and one maser (NGC 3256) with an isotropic luminosity just above the 10 L ⊙ threshold conventionally used to discriminate between megamasers and kilomasers. Since the maser emission is associated with sites of massive star formation and since individual ATCA maser spots show luminosities well below the 10 L ⊙ threshold, NGC 3256 is also a kilomaser source. As already mentioned in Sect. 1, the majority of the kilomasers are associated with star formation. Most of them show a collection of Galactic-type masers related to (pre-) stellar activity. Therefore, a relation between kilomasers and FIR emission is readily explained, since the latter commonly arises from warm dust grains heated by young massive stars. The bulk of the 22 GHz H 2 O emission from the four megamasers in our sample (NGC 1068, NGC 3079 and NGC 4945 but presumably not Arp 299) is associated with nuclear accretion disks surrounding an AGN (Gallimore et al., 1997; Greenhill, Moran & Herrnstein, 1997; Trotter et al., 1998; Tarchi et al., 2007) .
In our complete sample, 40% (6/15) of the water masers have been detected in galaxies classified as Seyfert, all of type 2 (see Table 5 ). The other 9 masers are detected in spiral galaxies (27%, 4/15), merger systems (20%, 3/15), LINERs (7%, 1/15), and the last one in a starburst galaxy (7%, 1/15) .
The high rate of maser detections in the complete allsky sample (23%, 15/65) confirms the link between FIR flux density and maser phenomena as previously suggested by HPT and CTH. In particular, the detection rate strongly declines with decreasing FIR flux. Adding the masers detected in the southern sample to those of HPT, for fluxes of 300 − 1000 Jy, 100 − 300 Jy, and 50 − 100 Jy, we find detection rates of 3/4 or 75%, 6/21 or 29%, and 6/40 or 15%.
HPT for extragalactic water masers, which is surprisingly consistent with that obtained for the orders of magnitude less luminous Galactic sources of Jaffe et al. (1981) . Furthermore, CTH observed that megamaser and kilomaser sources seem to follow independent correlations (the two samples diverge by ∼ 1.5 orders of magnitude in maser luminosity for a given FIR luminosity), with the tighter one being that for kilomasers. In Fig. 7 , we plot the values for the masers of the complete all-sky FIR-sample including the known maser in NGC 4945 and the most recent detections in NGC 3256, NGC 3620, NGC 4527 (L FIR ∼ 1 × 10 11 L ⊙ ) and the Antennae (L FIR ∼ 1.5×10
11 L ⊙ ). The values for the luminosities of the kilomasers in our all-sky sample follow the trend given by log(L H2O ) =log(L FIR ) − 10.4. The most discrepant point is that representing IC 10, which is also peculiar in the number of water masers as recently pointed out by Brunthaler et al. (2006) . Overall, the water kilomasers in our all-sky FIR-sample reinforce the L FIR /L H2O correlation for kilomasers found by CTH.
4.2.1. GBT and EVLA: how many more masers could be detected in FIR-sample?
The entire sample of FIR bright (S 100 µm > 50 Jy) galaxies was observed with three different telescopes, the 100-m Effelsberg, the 70-m Tidbinbilla, and the 100-m Green Bank telescope (GBT). Each telescope has a different sensitivity at 22 GHz, i.e. 0.83 (www.mpifr-bonn.mpg.de/div/effelsberg/calibration), 0.67 (www.atnf.csiro.au/observers/tidbinbilla) and 1.50 K/Jy (Minter 2009 ), using an antenna temperature scale (T * A ), with respect to a point source. For this study, the smaller size of the Tidbinbilla telescope was compensated by longer integration times with respect to the Effelsberg telescope (see Table 5 ).
Future observations with higher sensitivity with the GBT and EVLA will likely lead to new detections. It is therefore of interest to evaluate this increase in the number of water masers. The evaluation can be made considering the standard equation for the water maser density as reported by HPT for a specific slope of the luminosity function (γ SLF , about -1.5, see below), that is
The integration of eq.(2) from a minimum luminosity, which is due to the sensitivity of the radiotelescope, to infinity gives
Rewriting eq.(3) for the GBT and the Effelsberg/Tidbinbilla (ET) radiotelescopes, we obtain
With τ being the ratio between the ET and the GBT sensitivity, we then obtain from eqs. (4)
The ratio of the GBT and ET total number of detectable masers is
where we have assumed τ = 0.55 and γ SLF = -1.5 (HPT, Bennert et al., 2009) . Assuming that the EVLA sensitivity will be 2.44 K/Jy (Perley et al., 2006; www.gb.nrao.edu/gbt) ,
As the number of masers in the FIR-sample is 13 (considering only those detected using the ET radiotelescopes), performing a survey on the same sample with the GBT and the EVLA, with an observing time comparable with that used in our survey with Effelsberg, we can expect to obtain 5 and 9 new maser detections, respectively. Two new detections in sources belonging also to our sample have indeed recently been reported by Braatz & Gugliucci (2008) and Darling et al. (2008) . Although the integration times in these surveys with the GBT were shorter than in our Effelsberg ones, their GBT detection thresholds were better confirming the usefulness of deeper surveys. Hence, in that case the detection rate for the FIR-sample is expected to rise to 28% and 34%, respectively.
Is there a relation between OH and H 2 O maser emission?
Out of the 65 sources of our all-sky FIR sample, for 45 galaxies (i.e. ∼70%) searches for λ = 18 cm hydroxyl (OH) maser emission have been reported in literature. In 6 galaxies OH maser emission was detected (i.e. ∼13%). The percentage of galaxies in our sample that have not been searched for OH masers is higher at lower FIR fluxes (about 30% and 40% for S 100 µm below 200 and 100 Jy, respectively).
In Fig. 8 , both the H 2 O (squares) and OH (triangles) Fig. 8 . Total H 2 O and OH maser cumulative detection rates above a given IRAS Point Source Catalog S 100 µm flux density. The figure is an expanded version of Fig.13 of HPT, with the data from OH and our sample being included.
total cumulative detection rates above a given 100µm IRAS Point Source Catalog flux are plotted. The trends are similar. Naturally, these trends also reflect the fact that the surveys involved are sensitivity-limited and have, for the two maser species, different detection thresholds. For H 2 O masers, the influence produced by a possible distance bias has been extensively discussed in HPT (their Sect. 4.3).
In Fig. 9 , we plot maser isotropic luminosities for all sources (45 out of 65) of the all-sky FIR-sample where H 2 O and OH masers have been searched for (see also Santos & Lèpine, 1979) , while it remains undetected, so far, in λ = 18 cm OH down to a detection threshold of 0.46 L ⊙ (Staveley-Smith et al., 1992) . Among the 45 sources, no detection in both maser species has been reported for 31 sources, 14 are H 2 O detections, and 6 host OH maser emission. Both maser species have been detected in five galaxies: three water megamaser sources, NGC 1068, NGC 3079, and Arp 299, and two water kilomaser sources, the well-known starburst galaxies NGC 253 and NGC 3034 (M82). In Galactic star forming regions, the two maser species are very often associated suggesting that the OH and H 2 O masers occur near a common energy source but in physically distinct zones (e.g. Forster & Caswell, 1989) . This latter fact is likely a consequence of the diverse excitation and pumping conditions of the respective lines. OH maser emission, excited mostly radiatively and requiring comparatively low density gas, is more extended and farther off the excitation source than the water masers that are likely collisionally excited and require higher temperature and density (e.g. Lo 2005; Tarchi et al., 2007) . Typical angular separations between the two maser group associations in Galactic star-forming regions are a few arcsecconds corresponding to linear separations of 1 parsec at a distance of 10 kpc. Hence, with the relatively coarse resolution of our singledish surveys, masers of the two species associated with star formation would be seen, if present, in the same beam. This seems indeed to be the case for our sample.
If we consider that six galaxies are detected in OH and assuming that H 2 O and OH masers are unrelated phenomena within the sample being considered, we can compute the expected number of those galaxies to be detected in H 2 O . This number is ∼ 1, while, instead, the number in our sample of sources showing both masers is 5. Furthermore, for 31 galaxies, where no OH maser has been detected, also H 2 O maser emission is not seen. Therefore, we are inclined to conclude that, similar to Galactic sources, an association between H 2 O and OH emission does exist also for extragalactic targets. Noticeably, with the only exception of Arp 299 (Tarchi et al., 2007) , the contemporary presence of megamaser emission 3 from both species has never been reported. This may indicate that while weaker, Galactictype, H 2 O and OH masers are often associated (if not correlated) like in our Galaxy, the most luminous masers of the two species seem to be mutually exclusive.
Given the relatively low number of sources involved, we are aware of the limited statistical relevance of this result. Furthermore, statistics may be affected by the different and/or insufficient sensitivities of maser searches and by possible variability in the maser features. In order to provide more statistically-relevant support to our arguments, a more extensive study of an entire sample comprised of all the detected extragalactic water (∼100; Braatz et al., 2007) and/or hydroxyl maser sources (∼100; Darling, 2007) is recommendable. This is, however, outside the scope of the present work and will be the subject of another publication.
Conclusions
We have observed 12 sources out of a sample of 20 galaxies with 100 µm IRAS point source flux densities > 50Jy and declination < −30
• to search for water maser emission at 22 GHz. The main results are:
1. By including the southern galaxies, our complete FIR-sample covers the entire sky.
2. Two new detections were obtained. One is a kilomaser with an isotropic luminosity, L H2O , of ∼ 5 L ⊙ in the SB galaxy NGC 3620. The other is a maser with L H2O ∼ 11 L ⊙ in the merger system NGC 3256.
3. Follow-up interferometric observations of both sources have been performed. In NGC 3256, the maser is resolved into two spots offset from the two nuclei of the system hinting at an association with particularly vigorous star formation. For NGC 3620, the maser emission coincides with the nuclear region. Also in this case an association with star formation activity is most likely, although an association with a Low Luminosity AGN cannot be a priori ruled out.
4. The high rate of water maser detections in the FIR sample encompassing northern and southern sources (23%, 15/65) confirms a link between FIR flux density and maser phenomena as reported in HPT and CTH. Our results further reinforce the correlation between water masers and FIR luminosities for kilomasers while the correlation with megamasers is weaker. The latter is explained by the fact that megamasers in the nuclear region are not related to the overall star forming activity of their parent galaxy. Albeit this awaits a more extensive statistical dataset, an association between H 2 O and OH masers in the FIR sample is suggested 3 The isotropic luminosity typically adopted to discriminate between OH mega and kilomaser sources is 1 L⊙ (Henkel & Wilson 1990 ) while it is 10 L⊙ for H2O masers (see Sect. 1).
for sources where at least one of the maser species has weak emission. However, there is no apparent correlation between H 2 O and OH megamasers. Given the relatively low number of sources, a systematic study of H 2 O megamaser sources in OH, and of OH megamasers in H 2 O would be highly desirable. Tarchi et al. (2007) ; (w4) Darling et al. (2008) ; (w5) Braatz & Gugliucci (2008) ; (w6) Dos Santos & Lèpine (1979) ; (h1) Norris et al. (1989) ; (h2) Baan et al. (1992) ; (h3) Staveley-Smith et al. (1987) ; (h4) Schmelz & Baan (1988) ; (h5) Gallimore et al. (1996) ; (h6) 
